In settings in developing countries, children often socialize with multiple socializing agents (peers, siblings, neighbors) apart from their parents, and thus, a measurement of a child's social interactions should be expanded beyond parental interactions. Since the environment plays a role in shaping a child's development, the measurement of child-socializing agents' interactions is important. We developed and used a computerized observational software Behavior and Social Interaction Software (BASIS) with a preloaded coding scheme installed on a handheld Palm device to record complex observations of interactions between children and socializing agents. Using BASIS, social interaction assessments were conducted on 573 preschool children for 1 h in their natural settings. Multiple screens with a set of choices in each screen were designed that included the child's location, broad activity, state, and interactions with child-socializing agents. Data were downloaded onto a computer and systematically analyzed. BASIS, installed on Palm OS (M-125), enabled the recording of the complex interactions of child-socializing agents that could not be recorded with manual forms. Thus, this tool provides an innovative and relatively accurate method for the systematic recording of social interactions in an unrestricted environment. structured clinical or playroom setting (Barnard, 1979; Caldwell & Bradeley, 1978; Cardone & Gilkerson, 1990; Clark, Musick, Stott, Klehr, & Cohler, 1984; Farran, Clark, & Ray, 1990; Greenspan & Leiberman, 1980) . A few studies have evaluated peer play and social behavior among preschool children (Coplan & Parke, 1999) . But there is no study available that has assessed the interactions of the child with multiple socializing agents at a given time in the natural environment of the child. Most of the studies in which the social interaction of a mother and a child have been assessed have used the manual recording method of direct observation, which is cumbersome and prone to observation errors and has resulted in inconsistencies in data recording and analysis (Bakeman & Gottman, 1986; Berdondini et al., 1999; Martin & Bateson, 1986) . Recently, a Palm handheld device using customized software has gained popularity and has been found to be a versatile and economical alternative for recording observational and clinical data in field settings (Koop & Mösges, 2001; Plant, Hammond, & Turner, 2004; Selanikio, Kemmer, Bovill, & Geisler, 2002) . Therefore, to study children's interactions with the environment, as a determinant in a clinical trial that was evaluating the effect of nutrition intervention on cognitive development, we developed an observational software with a comprehensive coding scheme that could provide a flexible, computer-based coding system for observing, recording, and storing complex and rapidly exhibited behavioral data. The present article describes the background and development of the BASIS software, coding schemes, and field implementation. A descriptive account is presented because there is no other gold standard tool available for comparative evaluation. Information on the collection and analysis of a sample is provided so that the reader will be able to understand the use of the method.
Methodology
Conceptual background. The constructs developed in this study for assessing the interaction between a child and socializing agents were based on the conceptual background provided by studies of mother-child interactions and the social behavior of children. Studies on mother-child interactions have focused mainly on assessing acceptance/rejection behavior toward the child by the mother (Rohner, 1999) and the intensity of the child's behavior toward the mother or any other socializing agents (Pollitt, Saco-Pollitt, Jahari, Husaini, & Huang, 2000) . Acceptance has been considered as a positive behavioral display, such as affection, nurturance, positive response, gesture, or playfulness, and rejection as a negative behavioral display, such as aggression, neglect, or indifference toward the child by the mother (Ainsworth, Blehar, Waters, & Wall, 1978; Clark, 1985; Demos, 1982; Emde, 1980) . Development of observation software in Palm. On the basis of the literature, we identified and suitably modified 12 behavioral categories, each of which further contained a set of behavioral codes (in the form of choices) for recording these categories. These were designed in such a way as to comprehensively record a child's interaction with his/her socializing agents, as well as the interaction of the socializing agents with the child, in a natural setting. We also defined the setting, situation, and state of the child in the software used for recording the child's broad behavior during an observation session. Setting consisted of the location of the child (inside the home/outside the home); situation was a broad activity in which the child was engaged for more than a minute; and state recorded the general behavioral state of the child during the observation session. Agents were the specific socializing agents with whom the child interacted, such as the mother, father, neighbor, siblings, peer, or any object with which the child played, such as a toy. The details of the categories and behavioral codes for a child's setting, situation, state, and interactions with child-socializing agents are presented in the Appendix. The behavioral categories and codes that we included in this study were discussed with experts and were pretested on 20 children in a field setting in order to check their appropriateness and suitability for recording observations of the social interactions of children with their socializing agents.
BASIS was designed using Visual Basic 6.0 software integrated with AppForge Crossfire. A Palm database was used to record the data at backend. The software was compiled to a Palm-based executable file and uploaded to the Palm OS (M-125 series) handheld device with support files necessary to run the application. This configuration ensured that the coding scheme could be preloaded for independent variables, setting, situation, state, and interactions of childsocializing agents, so that input could be recognized during observations. Independent variables were defined as a child's identification number, age, and gender.
BASIS operates in an interactive fashion with multiple screens representing a set of choices for a particular behavioral category, enabling the examiner to select one with the help of a stylus, which gets recorded by time with other parameters, such as setting, situation, state, and agents. All the codes and categories in the screens are displayed in short sentences, and no abbreviations are used.
The initial screen had five option buttons, of which three buttons were used to record the codes for setting, situation, and state during the observation period. Whenever there was a change in any one of the three codes for more than 1 min, it was recorded, and software automatically kept track of the duration by recording the starting and end times of the changes. The other two option buttons were for recording the child-socializing agents' interactions: one for selecting child-initiated interactions and the other for socializing-agent-initiated interactions. Once a code for the interaction was selected from the categories and behavioral codes, a subwindow opened automatically to record the specific socializing agent by whom the behavior was conducted. This enabled continuous recording of dyadic or multiple interactions of the child with socializing agents in the natural setting.
The software was field tested, and necessary modifications were made to adjust the look and feel of the recording screens (size of the screen areas, size of the characters, and how the codes appear during scoring) for efficient use by the examiner.
An automated ringing of an alarm system was set at 1 h from the start of observation to help the examiner to stop coding the behaviors at the end of the session and to save the recording by closing the session. To ensure proper battery backup, a pair of lithium ion batteries were used. Data were synchronized daily between Palm and desktop, using 'HOTSYNC' operation facility; time and date were also checked for discrepancies. An in-house-designed software was used to convert the Palm database files to an Access database, which could be read into an SPSS database for analysis.
Reliability and training. Careful training of examiners and establishing their reliability are important parts of data collection. Examiners were trained to record observations, using BASIS installed on a Palm handheld device, from videotapes/natural observations of the interactions of sample children. A customized software was designed to check the reliability of the observations of the same child conducted simultaneously by two examiners. A time lag of up to 2 sec in the recordings of a particular observation between the two examiners was set to count as no error in the software. The criteria used for identifying an error in the software were a mismatch of timing and a mismatch of behavioral codes at a given time. The omission of a behavioral code was also recorded as an error. To assess the interobserver reliability, kappa statistic (as a measure of agreement) and Pearson's product-moment correlation (as a measure of association) were also calculated. The overall kappa values on interobserver agreement was .77 ( p .001), and Pearson's product-moment correlation was r .89 ( p .001), which are considered as a high order of reliability in behavioral observations. Subjects and setting. To test the software in the field, we conducted the study among 573 children, 2-4 years of age, in Sangam Vihar, a low to middle income periurban population in Delhi, India. These children were part of an ongoing, large, randomized, controlled trial (Sazawal et al., 2004) .
Verbal informed consent was obtained from parents of the study children. The study was approved by the Committee for Human Research Review at Johns Hopkins University and by Annamalai University, India.
Recording observations in the field. The examiner carried the Palm to the child's house and conducted continuous, direct observations of the child-socializing agents' interactions for 1 h in the natural setting. Daily, 4 children were scheduled for assessments; their mothers were informed on the previous day and were told to stay at home on the day of the assessment. The identification data for the scheduled children were uploaded into the Palm database in the Palm, using custom-designed software on desktop at the base station on the day previous to the assessment. The children were rescheduled for another day in cases of illness or not being available. The examiner, on reaching the child's home, selected the desired child from the list of children before the start of the assessment. The mother was advised not to limit the child's natural activity, and the child was allowed to go anywhere he/she wanted. The examiner followed the child and recorded observations continuously for 1 h without distracting the child. The examiner noted any errors in recording the interactions of the child with socializing agents and edited it at the base station after having downloaded data into the desktop, using the customized Edit software of BASIS. Figure 1 shows a flowchart of the development of BASIS and the recording of observations using it.
Two full observations of the children were done in a single Palm, after which the examiner downloaded the data from the Palm and next day's scheduled children were uploaded. Figures 2 and 3 show data entry screens of BASIS for the Palm handheld device and Palm database file observations of a child, respectively.
A separate precoded form was filled in to record the time for which the mother, father, siblings, peers, and neighbors were present in the environment of the child during the observation session. Multiple screens representing set of choices for a particular category Allows examiner to select desired code from category, which gets recorded against time
Recording Observations
• Observer conducted direct observations of the child's interactions with parents, siblings, peers, and neighbors for 1 h in natural setting, using Palm • Data were downloaded and stored in a laptop by using the HOTSYNC facility provided by the Palm software
Analysis
• Stored as analyzable Palm database files • PDB files were exported to SPSS for further analysis ference, nurturance, response, and playfulness. Affection was operationalized as a demonstration of spontaneous warmth, affection, and sense of responsibility toward the child. Neglect was characterized by a restricted concern for the child's safety or needs. Aggression was defined as any overt action or gesture that was intended to hurt physically or verbally. The child's measures included aggression, self-reliance behavior, positive feeling, emotional instability, and responsiveness to others. Independence of the child was operationalized as the child's trying to do work independently, not seeking sympathy, not seeking proximity, or demanding attention. Emotional instability of the child was characterized as the child's displaying impulsive behavior or getting upset with mild reprimanding or problems. Responsiveness of the child was characterized as his positive response toward others' affectionate advances or expressions of comfort or sympathy or concern for others. Analysis. After downloading all of the observations from the Palm database, these were programmatically summarized for each child in the Access database. This was then exported to SPSS 12.0 for further categorization and analysis. The codes of a particular outcome variable were collated, and the frequency and percentage of each of these outcome measures for the children and their socializing agents were calculated. The behaviors were categorized as never occurred, occasionally occurred for behaviors that occurred up to two times, and frequently occurred for behaviors that occurred more than two times during the entire observation session. The mean occurrences of behavioral categories were also calculated.
Results
In a sample of 573 children, using BASIS installed on the Palm OS handheld device, we successfully observed and recorded the social interactions of children with socializing agents, and vice versa, for 60 min. The data presented in this section are mainly for illustrative purposes, to show the kind of behavioral information about social interactions that can be collected using BASIS.
A total of 90,168 behavioral sequences were recorded in the software, and an average of 156 behavioral observa- tions of a child were made per observation session. Of the mothers, 97% were present throughout the observation session. Of the children, 76% had siblings and 46% had peers present throughout the session. Fathers were present in fewer than 20% of the observation sessions of the children.
The mothers' interactions with the children during the observations showed that only 30%-35% of the mothers displayed frequent nurturing behavior (active caretaking) and playfulness. The rest of them either did not show or occasionally showed nurturing or playful behavior toward the children. However, 82% of the mothers responded positively to any query or initiation by the child. This shows that although fewer mothers initiated frequent affectionate behavior toward the children, most of them responded positively to any initiation of the children toward them. Physical aggression toward the children was rare, although 27% of the mothers exhibited frequent instances of verbal aggression. Of mothers, 68% showed occasional or frequent instances of indifference/neglect toward the children (Table 1) . During the observation session, the mothers showed more frequent instances of positive/acceptance behavior (such as motherly affection, nurturance, playfulness, or positive response; mean SD, 15.3 10.2) as compared with negative/rejection behavior (verbal/physical aggression, indifference) toward the children (mean SD, 6.1 4.7).
An analysis of the children's interactions with socializing agents during the observation sessions showed that 14% of the children had demonstrated instances of aggressive behavior (Table 2 ). Only 46% of the children displayed frequent expressions of positive feeling, such as smiling and responding. Most of the children displayed frequent acts of self-reliant behavior (mean SD, 12.4 7.3) and emotional responsiveness to others (mean SD, 20.7 9.4). All the children exhibited few instances of physical/verbal aggression toward others during the session (mean SD, 1.89 1.6).
The children's interactions with fathers and neighbors were minimal, and the only frequent interactions were positive responses upon the children's initiation (Tables 3  and 4 ). On average, neighbors displayed few instances of positive behavior toward the children during the observation sessions (mean SD, 1.62 0.51).
An analysis of siblings' interactions during the observation sessions showed that 20% of the siblings exhibited instances of affectionate and playful behavior toward the children. Of the siblings, 50% responded positively to initiation by the children, whereas only 8% of the siblings exhibited positive gestures toward the children (Table 5 ).
The siblings exhibited few instances of affectionate behavior toward the children during the sessions (mean SD, 1.21 1.13). The interactions with peers were mainly playfulness and positive responses (Table 6 ).
Discussion
In our experience, BASIS installed on the Palm OS handheld device is an innovative attempt that causes a significant improvement in the ability to use a computerized behavioral recording system for observing children's complex interactions with multiple socializing agents, such as parents, neighbors, siblings, and peers. The results indicate that with the comprehensive coding scheme that we developed for recording observations with this software, we could record almost all kinds of behavior important from the perspective of children's social behavior and interactions. It also gave an insight into the simple and easily understandable behavioral outcomes that were deduced from the complex data on child-socializing agents' interactions. Thus, BASIS enabled us to adopt a microassessment approach for recording diverse observations on childsocializing agents' interaction in the natural setting. BASIS in Palm OS is able to provide a better alternative, in comparison with manual methods, for which analysis and recording are complex (Bakeman & Gottman, 1986; Berdondini et al., 1999) . The kind of comprehensive recording and data collection on child-socializing agents' interactions that we wanted was not possible with manual recording. Although, earlier, we had tried to do this recording using manual methods, we were not able to record the observations efficiently.
Recently, observational software has come into use due to ease of recording, storing, and analysis of complex behavioral observations and reducing data entry errors. Observer 5.0 (Noldus Information Technology, 2003) is a widely used software for the collection of observational data. Our observational software in the Palm OS handheld device is a laptop-based continuous observation system that has the virtues of ease of accurately recording diverse behaviors, observing greater numbers of interactions, reducing data entry errors, and achieving high interobserver reliability. In addition, our system is a lowcost and mobile option for recording data in field settings in developing countries. However, as compared with the laptop-based Observer system, Palm OS has the limitation of a small screen that may slightly reduce continuous observation; but the loss is very minimal to be of significance. Although the small screen of the Palm OS device is a potential limitation, in our case, with adequate training and practice, we could easily use it for recording childsocializing agents' interactions in the field setting.
Pocket Observer, which is a version of the Observer 5.0 designed for use in handheld computers, in some ways functionally provides an option similar to our software in Palm OS (M-125 series). These similarities include mobility of use, easy HOTSYNC operation for uploading and downloading from desktop/laptop, which saves time in field settings, lithium ion batteries for long use, and use of a stylus for selecting and recording behavioral codes. However, Pocket Observer works only on limited specialized PDA handheld devices that are expensive in themselves, with an additional cost of the software, in comparison with the Palm OS (M-125 series), which costs less than $75. Using the built-in analysis program in Observer 5.0 is time consuming, especially when processing a large sample of data. Moreover, the output generated is limited only to profiles and still requires statistical analysis. BASIS did not have built-in analysis software, but the Access database from the Palm database files could easily be exported to any statistical database for further analyses.
Roberts (2002) also has developed observational software, Focal 32, to record the interactions of children, using a laptop. However, this computerized method has limitations; the examiner has to remember more than 100 behavioral codes as numeric codes, there are problems in mobility due to the use of a laptop, and the examiner has to define the context and persons involved in the observation session before the start of the observation session or whenever any change occurs. Similarly, with Pocket Observer, while recording observations, the examiner has to remember the key codes, since he/she has to tap the required code from a display of all the key codes for that particular behavior. In contrast, our observation system is more user friendly, since all the codes of behaviors are displayed in short sentences in their respective multiple interfacing windows, in which the examiner has to click the desired codes. There was, thus, no need for the examiners to memorize the codes or abbreviations, and this facilitated easy selection and recording of multiple codes during the observation sessions. The "situation" and the "agent" subwindows allowed us to record the child's context (as broad activity) and the persons interacting with the study child.
One of the limitations of BASIS in Palm OS was that the examiners required long practice and training sessions to achieve the desired level of reliability, due to the multiple screens, the large number of codes, and the frequently changing movements and interactions of children with multiple socializing agents. However, we required comprehensive data on child-socializing agents' interactions, since these were to be used for evaluating part of the intervention effects in a randomized, controlled clinical trial.
Although laptop-based systems such as Observer 5.0 are better for continuous recording of observations where cost is not a constraint and setting does not require mobility, the multiple advantages of BASIS in Palm OS make it a low-cost, preferable alternative for assessing children's interactions with multiple socializing agents in natural settings. In addition, the codes and categories used in this software are of a global nature, which can be used for recording the social interactions of children in other settings as well. This promising new software needs to be tested further. 
